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Abstract 
The study was conducted to determine the production performance (growth performance and 
carcass production) of New Zealand White Crossbred (NZWC) male rabbits given FOS 
(fructooligosaccharide) from the isolation of Ambon banana peel (Musa paradisiaca var. Sapientum (L.) 
Kunt. Rabbit age of eight weeks, body weight average 496.12 ± 10.61 g, placed in individual cage, divided 
randomly into five treatments, and each treatment was repeated five times, each repetition consisted of two 
rabbits The treatment used was P0 (without FOS), P1 (FOS fed for 7 days), P2 (FOS fed for 14 days), P3 
(FOS fed for 21 days), and P4 (FOS fed for 28 days). FOS treatment is 3% concentration, 2 mg / kg of body 
weight given orally, after 7 days adaptation. Drinking water is given ad libitum. The feed used is commercial 
feed, given two times a day (in the morning and afternoon). The data were analyzed with analysis of 
variance. The similarity of variance was tested using Barlett test and orthogonal polynomial test. Results 
indicated that there were interaction between without FOS fed and FOS fed, and has effect on the growth 
performance (feed intake, daily gain, slaughter weight, and feed conversion) are quadratic at 1% level, and 
carcass production (carcass weight, carcass percentage, meat weight, bone weight, and fat weight) are 
linear at 1% level. 
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Introduction 
The New Zealand White Crossbred (NZWC) rabbit has been selectively developed in the 
meat production unit, primarily for its propagation properties, namely prolification, performance, 
rapid growth and rapid sexual development, size and uniform litter size and mothering ability and 
high milk production (Lukefahr, 1983, Lebas et.al., 1996; Sarwono, 2002; Raharjo, 2005). The 
demand for rabbit meat has been increase because of the various preparations that have been 
circulating in the community. Efforts that can be made to meet the demand for rabbit meat is to 
increase livestock populations with the consequent increase in land and feed requirements. 
Moreover, it can be done by increasing the individual production capability. Efforts to increase 
production capability can be achieved such as growth manipulation, by improving the quality of 
rabbit rations. The given rations should meet the needs of the rabbit and contain balanced nutrition 
that can support towards the achievement of optimal growth so achieves optimal production. One 
of the efforts to achieve the above objectives is giving FOS (Fructooligosaccharide) from the 
banana peel of industrial waste that still has nutritional value that serves as a prebiotic. Based on a 
number of studies revealed contains vitamin C, vitamin B, calcium, protein, carbohydrates and 
fiber are good for the body; so the banana peel still have the benefit to be used as animal feed, and 
the benefits will be better through the extraction and isolation that can produce FOS 
(Fructooligosaccharide), according patented number P00201406459 of the method of making FOS 
from banana peel (Musita, 2008, Kaffi, et al. 2014). FOS is an alternative solution for control of 
colibasilosis as an antimicrobial substance that has the ability to eliminate pathogenic bacteria in 




contained in FOS produced by hydrolysis of chicory plant inulin have been widely reported, but 
the production of FOS derived from banana peel waste has not been widely published. 
Fruktooligosaccharide (FOS) in banana peel is potential to be developed as a prebiotic that 
can reduce the number of pathogenic bacteria, and improve the morphology of the intestine (colon) 
and also the thickness of the mucus layer. Fruktooligosaccharide (FOS) has an affinity to binding 
the bacterial cells in intestinal epithelium. Bacteria that have binding to FOS can not stick and 
colonize the intestinal wall, and finally carried out through the feces (Murniasih, 2010), besides 
FOS banana peel also contains fructan sugar β (2-1) which is a prebiotic oligosaccharide. Prebiotics 
are material /components that can be useful for the development of microflora in the intestines, to 
be fermented by lactic acid bacteria especially Bifidobacteria and Lactobacillus; will also produce 
short-chain fatty acids which can be used in the body as a source of energy. The implementation 
to meet the meat quantity and quality, if problems to achieve the current economic conditions, it 
can be done by diversifying the supply of animal protein, as the target of sustainable development 
goals (SDGs), namely the achievement of people's welfare. One alternative to meet the needs of 
meat/animal protein is from rabbit meat, because of prolific livestock, rabbits also produce good 
quality and quantity of meat. On the other side, needs special attention in the maintenance, because 
of the high mortality, so the utilization of prebiotic FOS from banana peel is expected to increase 
the intestinal microflora and rabbit immune system, which is expected to increase the growth and 
better meat quantity and quality. Many advantages derived from eating rabbit meat, namely high 
protein content and low cholesterol, so the rabbit meat can be promoted as healthy meat, and also 
the skin and the manure still have economic value (Yurmiati, 2006). The development of rabbit 
meat as a provider to date still encountered many obstacles because the rabbit meat has not been 
popular by some people making difficulties in rabbit meat marketing. 
 
Materials and methods 
Fifty male NZWC rabbits age eight weeks with the average body weight 496.12 ± 10.61 g 
divided randomly into five treatments. Each treatment consists of five replications and two rabbits 
in each repetition. The treatment are (P0) as the control treatment without giving FOS 
(Fructooligosaccharide), (P1) given FOS for 7 (seven) days, (P2) given FOS for 14 days, (P3) given 
FOS for 21 days, and (P4) which is giving FOS for 28 days. The FOS is derived from the isolation 
of Ambon banana peel (Musa paradisiaca var. Sapientum (L.) Kunt derived from banana chips 
industry using FOS isolation method from banana skin, patented number P00201406459 from 
Indonesian Law and Human Rights Department. 100 kg of banana peel which had been chipped in 
2-3 cm sizes, soaked in 30 L ethanol 70% for 14 days. During the daily immersion, stirring for 10 
minutes, and the filtrate was filtered using a filter cloth and evaporated with a vacuum evaporator 
up to 1 L. The concentrated filtrate is then extracted with ethyl acetate (EtOAc) to obtain a water 
fraction and EtOAc. The water fraction was evaporated to dryness and then incorporated in a LH- 
20 diaion chromatographic column then eluted with 3 liter H2O and 3 liter MeOH-H2O (3:7), also 
with 3 liter MeOH-H2O (7: 3), and 3 liter MeOH, respectively. Each fraction was qualitatively 
tested with TLC to determine the presence of FOS compounds. The fraction containing FOS, then 
further purified by using purification techniques such as chromatography column, Preparative Thin 
Layer Chromatography (PTLC), or crystallization. The FOS compounds obtained were then 
analyzed by spectroscopy. The presence of compounds present in the solution can be qualitatively 
and quantitatively identified with HPLC instruments based on standard solutions, to use as FOS 
standard solution. The peak emerging from the solutions is a specific retention time of each 
compound. Each fraction obtained was tested by TLC (Thin Layer Chromatography) method by 




the spot. Tests were also performed by comparing the retention time of standard FOS compounds 
by using high performance liquid chromatography (HPLC) method using ODS (C-18) columns 
and mobile phase used Methanol:water with ratio of 20:80. The detector used is UV-vis with a 
range of 460-600 nm, with a 20 μm injection volume over 10-20 minutes (Kaffi, et al, 2014). 
The data of FOS was performed after the rabbit was kept for 7 days for environmental 
adaptation, giving orally according to each treatment; once daily in the morning between 07- 08 
a.m with 3% concentration,doses of 2 mg / kg body weight (Prata and Mussato, 2010), , and 
drinking water is given ad libitum. The rabbit is placed in an individual rabbit cage (50 x 40 x 35 
cm) with eating and drinking apparatus of 50 enclosures, which are kept for eight weeks and also 
was given the Indofeed commercial rabbit feed. The second stage (between the 8th day until 28th 
day of maintenance) is collecting the rabbit production performance data. The data collected are 
the measurement of the observed variables: the production/growth performance (feed consumption, 
daily gain, feed conversion) and carcass quality (slaughter weight, carcass weight, meat weight, 
bone weight, and fat weight). After the data retrieval phase, all rabbits are fausted for 12 hours, 
then halally slaughtered by cutting the four channels, (the carotid artery, jugular vein, trachea, and 
esophagus). After slaughter, the internal organs was remove off, to obtain the carcass. The data 
were analyzed with analysis of variance. The similarity was tested using the Barlett test and the 
effect of the treatment was using orthogonal polynomial test. 
 
Results and discussion 
Growth Performance 
Parameters used in the observation of rabbit growth include feed intake, feed conversion, 
and daily gain. Consumption is a basic factor for living and determining production. The results of 
the FOS analysis of isolated banana peel (Musa paradisiaca var. Sapientum (L.) Kunt. on New 
Zealand White Crossbreed male rabbits in the Table1. 
 
Table 1. The Effect of Treatment on Feed Intake , Daily Gain, and Feed Conversions of New 
Zealand White Crossbred Male Rabbit 
No Variable Treatments 
P0 P1 P2 P3 P4 
1. Feed Intake 
(g/rabbit/day) 
84.61** 91.15** 104.76** 108.81** 109.41** 
2. Daily gain 
(g/rabbit/day) 
31.94** 46.30** 52.22** 59.23** 65.20** 
3. Feed Conversion 2.67** 1.98** 2.01** 1.84** 1.68** 
Note: ** significant difference on level 1% 
 
In the Table 1 shows that the highest average feed intake was achieved by New Zealand White 
Crossbred male rabbit receiving P4 treatment (FOS for 28 days), 109.41 g and the lowest was 
shown by P0 treatment (without FOS) 84.61 g. The highest daily gain in treatment P4 (65.20 
g/rabbit/day) and the lowest on treatment P0 (31.94 g/rabbit/day). While the highest feed 
conversion at treatment P0 (2.67) and lowest at treatment of P4 (1.68). The means of ration 
consumption 99.75 g was lower than that recommended by Lebas et al. (1996); 110-130 grams for 
NZWC rabbits aged 4-11 weeks which were fed balanced diet. Factors affected the ration 
consumption level of rabbits, were environmental temperature, health, the feed physical form, food 
balance, body weight and growth rate (NRC 1977). The consumption increased, due to the rabbit 
trying to meet the energy needs, because the coarse fiber will lowered the energy digestibility 




Lack of crude fiber in rabbit feed can decreased the digestive function, as enteritis (Cheeke 
and Patton, 1981), even rabbits can be fed once, twice or three times in a day. Usually rabbit enough 
to be fed once a day, and usually should give in the afternoon, because rabbits eat more at night 
(Ensminger, 1991). Based on the analysis result, it is known that the treatment has an effect on the 
feed intake. A further test using orthogonal polynomial is known that the treatment gives a 
quadratic effect on the 1% level, as shown in Figure 1 with the quadratic equation of y = 0.0313x2 
+ 1.8358x +83,233. The optimum point was obtained on the 36th day of observation with feed 
intake of 110.15 g/rabbit/day. And the determinant correlation (R2) between the influence of the 
former feed intake of FOS (98%). 
The rate of livestock growth is influenced by the amount, quality of the ration and by the 
environmental temperature. The growth pattern will depend on the management system, the 
nutritional level of available feeding health and climate (Templeton, 1968). Growth is a change of 
elements that includes changes in life weight, shape, linear dimension and body composition. Also 
changes the body components such as muscles, fats, bones and organs; and carcasses chemical 
components, especially water, fat, protein and ash. The normal growth pattern is a combination of 
the growth patterns of all constituent components. Under ideal environmental conditions, the shape 
of the post-natal growth curve for all livestock species is similar, following the sigmoid growth 
curve pattern. In accordance with the carcass component growth pattern that begins with rapid bone 














Fig. 1. Feed intake of rabbit rations of various treatments giving 
FOS (Fructooligosaccharide) from banana peel 
 
Sexual puberty is achieved when the reproductive organs have developed and well function 
(Blakely and Bade, 1994). During the growth process, livestock is affected by several factors 
including genetic, feeding, temperature, adaptability and environment. Sex does not affect carcass 
or meat quality but the age (Parigi-Bini et al. (1992 ). Growth is the process of weight gain and 
change of body shape and composition, because of the different growth rates of each component. 
The growth speed of a young rabbit, are twice the weight of his body every week, so at the age of 
three weeks can reach 0.45 kg body weight. After consume solid feed, the growth rate can reach 
30 to 50 g/day from the age of three to eight weeks. When breast feeding is the only food consumed, 
the growth rate in that period is only 10 to 20 g/day (Spreadbury, 1978), after 10 to 12 weeks of 
horizontal growth curve (Lang, 1981); and the results of research obtained is in accordance with, 



























that the average weight gain 50.98 g/rabbit/day. Further test using orthogonal polynomials, the 













Fig 2. Daily gain of various treatments giving FOS (Fructooligosaccharide) 
from banana peel. 
 
 
The Fig. 2, shown the quadratic is Y=0.0229x2+1.7754x+32.848, at the optimum point of 
the 39th day of observation, the growth of daily gain is 67.26 g/rabbit/day. And the determinant 
correlation (R2) between the influence of FOS to the daily gain is 99%. Feed conversion is the 
ratio between the amount of feed consumtion to produce one kilogram of slaughter weight (Raharjo 
, 2005). Rabbits have a unique behavior that is re-eating feces (coprophagy or caecotrophy), that 
rich of vitamin, Niacin, Riboflavin, Pantothenic Acid, Cyanocobalamin (B12), and VFA. 
According to Raharjo (2005) the composition of fat, cholesterol and salt are low in rabbit carcasses. 
High-quality feeding with good management can result a rabbit feed conversion of 2.80-4.00 
(Aritonang et al., 1990). In this study, there was a lower converting mass of 2.04 and a further test 
using orthogonal polynomials is known that the treatment gives a quadratic effect at 1% level, as 














Fig. 3. Feed convertion of rabbit rations of various treatment giving 
FOS (Fructooligosaccharide) from banana peel 
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In Figure 3, the quadratic equation that y = 0.0013x2+0.0662x+2.586, shows the optimum 
point of the 26th day of observations 1.74 feed conversion, and determinant correlation (R2) 
between the former use of FOS to feed conversion by 94%. In this study, rabbits were given FOS 
can increase the feed intake, body weight gain, but has low feed conversion. FOS 
(Fructooligosaccharide) is a type of short polysaccharide chain, is fiber food that is undigested that 
helps maintain the health of the digestive tract but can be utilized by lactic acid bacteria in the 
colon, especially Bifidobacterium sp and Bacteroides sp and will inhibit the growth of pathogenic 
bacteria (Yun, 1996 ; Murniasih, 2010), are the source of energy for monogastric animals 
herbivores other than carbohydrates, the VFA (Volatile Fatty Acids) such as butyric acid, 




Slaughter weight (g), carcass weight (g), meat weight (g), bone weight (g), and fat weight 
(g) were significantly different at 1% (Table 2). Nevertheless, the values of the four treatments 
were increasing in slaughter weight (g), carcass weight (g), carcass percentage (%), and meat 
weight (g) but decrease in fat weight (g) treated with FOS and has not difference in bone weight 
(g) as shown in Table 2. 
 
Table 2. The Effect of Treatment on Slaughter Weight, 
Carcass Weight, Carcass Percentage , Bone Weight, Meat Weight, 
and Fat Weight in the New Zealand White Crossbred Male Rabbit. 
 
No Variable Treatments 
P0 P1 P2 P3 P4 
1 Slaughter Weight (g) 1439.20** 1858.60** 2087.60** 2307.00** 2435.00** 
2 Carcass weight (g) 713.2** 946.80** 1086** 1205.60** 1414.40** 
3 Carcass percentage (%) 49.6 50.9 52.0 52.3 57.6 
4 Bone weight (g) 251.37tn 250.41 tn 251.47 tn 253.33 tn 254.56 tn 
5 Meat weight (g) 418.60** 528.00** 762.60** 798.00** 935.00** 
6 Fat weight (g) 80.84** 75.48** 73.35** 63.38** 63.24** 
Note: tn = non significant, ** = significancy level 1% 
 
The treatment of FOS (Fructooligosaccharide) isolated from banana peel (Musa paradisiaca var. 
Sapientum (L.) Kunt, increasing the slaughter weight, carcass weight, carcass percentage, bone 
weight, the meat weight, and lower carcass fat weight. Slaughter weight affected by the age, type, 
and ration. Young rabbits will produce low slaugher weight compared with the mature rabbit. 
Growth can occur due to an increase of the cells number and also the body cell size. The process 
occurs in line with the age and condition of the rabbit (Yurmiaty, 2006),. The means of slaughter 
weight (2029.08 g), are consistent with Hernandez et al., (2001) which uses four types of rabbit 
(California, Chinchilla, New Zealand age 80 days and NZW age 90 days) has the average slaughter 
weight (1900-2000 g) and carcass weight (1100 - 1180 g). Based on the result of the analysis, it is 
known that the treatment has effect on the slaughter weight. Further trials using orthogonal 




















Fig. 4. Slaughter weight of rabbit rations of various treatments giving 
FOS (Fructooligosaccharide) from banana peel 
 
 
In the Fig. 4, shows the quadratic is y = 0.8111x2+8.082x+1454.4 at the optimum point of 
the 35th day, the slaughter weight (2494.20 g). And the determinant corelation of FOS to slaughter 
weight is 99% . Carcass weight and carcass percentage is affected by slaughter weight (Metzger et 
al., 2003). The carcass weigh, without the blood, head, skin, liver, tail, digestive tract and its 
contents, and chest cavity contents, except the kidneys, (Rao, et al. 1978). The highest carcass 
weight was obtained in the P4 treatment (1414.40 g), and the lowest in treatment P0 (713.2 g), 
while the average carcass weight (1078.4 g). The results is higher than Agustin et al (2017), that 
fed of corn oil in the feed (975.51 g). The slaughter weight, higher than the carcass weight. The 
carcass production is influenced the slaughter weight. Brahmantiyo et al. (2010) states that the 
carcass weight is higher than the slaughter carcass weight. Haryoko and Warsiti (2008), stated that 
the carcass component consists of meat, bone and fat. Based on the result of the analysis, it is 
known that the treatment has effect on the carcass weight. A further test using orthogonal 
polynomial is known that the treatment is linearly at 1% level, as shown in Figure 5, with equation 
of y = 20.26x + 797.6. The percentage was influenced by the length use of FOS on carcass weights; 
has a determinat correlation (R2) of 95%. Rabbits with heavy body weight can produce a large 
percentage of carcasses, the increasing of live weight will increase the feed consumption. Rabbit 
consume more feed have a tendency to accumulate more protein as a growth response and increased 
the carcass weight. Carcass weight and carcass percentage is highly dependent on breed, 
environment, live weight, and nutrient in feed. The percentage of carcass has a positive relationship 
to the energy content in the ration. 









































Figure 5. Carcass weight of rabbit rations of various treatment giving FOS 
(Fructooligosaccharide) from banana peel 
 
 
Body size increase proportionally with the body weight of a livestock (Rao et al., 1978). 
The carcass percentage is in line with the carcass weight, as the carcass percentage, is the ratio 
between carcass weight and weight live when slaughter, multiplied by 100% (Santoso, 2010). In 
this study, the highest percentage of carcass was found in the treatment R4 (57.6%), and the lowest 
in treatment R0 (49.6%). The carcass percentage, still higher than that of Ozimba and Lukefahr 
(1991) which obtained a 55% carcass percentage on NZW, California and California NZW cross 
rabbits. The carcass production of New Zealand White rabbit, local rabbit, NZW Crossbred and 
Chinchilla crosses, are 45.8, 42.6, 48.9 and 46.7% respectively (Diwyanto et al., 1985). 
Commercial carcass production, is strongly influenced by the slaughter weight (Rao et al., 1978), 
and the commercial parts of carcass weight, foreleg, rack, loin and hindleg (Blasco et al., 1992). 
 
Conclusion 
Feeding FOS (Fructooligosaccharide) from the isolation of Ambon banana peel (Musa 
paradisiaca var. Sapientum (L.) Kunt., has effected the growth performance (feed intake, slaughter 
weight, daily gain, and feed conversion) in quadratic and carcass production (carcass weight, meat 
weight, bone weight, and fat weight) linearly in New Zealand White Crossbred male rabbits, and 
further studies related to the use of FOS as prebiotics in rabbit feed. 
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